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Abstract 
The purpose of this work was to compare availability as a weighted overlap between fishing effort and fish occurrence per 
statistical square with availability as a simple non-weighted overlap, and to determine the difference on the final calculation of 
potential risk between both cases following the Marine Stewardship Council Productivity Susceptibility Analysis model. The 
scenarios considered were the Argentine hake freezer trawl fishery in years 1998, 2005 and 2007. These years were chosen as 
representatives of variability in environmental and fishing conditions. Results show a significant difference in final potential risk 
between the weighted and non-weighted cases in all environmental and fishing conditions.  
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1. Introduction 
The Marine Stewardship Council (MSC) program for sustainable fisheries certification is currently one of the most 
prestigious in the world. In the last few years, the MSC has implemented a risk based framework to allow data-
deficient fisheries a chance to achieve certification. Herein, two new approaches are considered to assess fisheries 
against the MSC standard, which are applied on outcome indicators like stock status. One of these approaches is the 
Productivity-Susceptibility Analysis (PSA), which consists in analyzing the potential impact risk from two groups of 
attributes; the Productivity, mainly associated to the fish physiology and the Susceptibility, mainly associated to the 
interaction between fishing activities and fish captured. A risk value between 1, 2 or 3 is assigned to each attribute and 
for each group an average risk value is calculated. The overall potential risk is calculated as the Euclidean distance of 
both average risks. The Productivity attributes are average maximum size and age, average age and size at maturity, 
reproductive strategy, trophic level and fecundity. These seven attributes are averaged arithmetically to obtain the 
productivity associated risk. The Susceptibility attributes are availability, encounterability, selectivity and post-capture 
mortality. These four attributes are averaged geometrically to obtain the susceptibility associated risk [1]. Therefore, a 
slight modification on one of the susceptibility attributes risk values propagates stronger in the final calculation than 
productivity ones. Rigorous estimations of risks for susceptibility attributes are crucial to reduce miss-estimation of 
the overall final potential risk on PSA. Particularly, the availability attribute incorporates the overlap between fishing 
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effort and fish occurrence areas. The MSC methodology does not specify a particular procedure to calculate this 
overlap.   
Table 1: Marine Stewardship Council (MSC) risk scale (Marine Stewardship Council, 2010) 
Risk level Low (1) Medium (2) High (3) 
Overlap level 0-10% 10-30% 30-100% 
The Argentinean hake freezer trawl fishery was considered as it is the most economically important for Argentina. In 
1998 maximal bottom temperatures and low salinity values were recorded in almost all the region [2]. Later studies 
showed that the zone under study did not have substantial variations in the mean values of temperature and salinity for 
2005 and 2007, characterizing normal years for the region [2; 3]. In 2007 the recruitment was substantially lower due 
to the intensity of the fishery [3].    
This simulation intends to show how weighted overlap calculations for availability, based on relevant fishery 
variables, may affect the results on potential risk assessment.   
2. Material and Methods 
The Argentine hake freezer trawl fishing effort was calculated as trawling hours per year per statistical square (1° Lat. 
per 1° Long) with data from the Federal Under-Secretariat of Fisheries and Aquaculture. Three different 
environmental and recruitment scenarios were considered, namely years 1998, 2005 and 2007. Data on fish occurrence 
were taken from AquaMaps through FishBase (www.fishbase.org) for the species Genypterus blacodes (pink cusk-
eel), Macruronus magellanicus (hoki), Squalus acanthias (spiny dogfish) and Salilota australis (Southern red cod) and 
averaged within each statistical square. Genypterus blacodes was chosen because 50% of its capture occurs in the 
Argentinean hake fishery [4]. Squalus acanthias has a wide distribution, interacts strongly with bottom trawling nets 
and is a predator of hake; Macruronus magellanicus was chosen because of its cross-gradient distribution with respect 
to Merluccius hubbsi and Salilota australis was chosen because of its strong interaction with bottom trawl nets and 
because its distribution overlaps with hoki distribution [5]. The modeling approach used by AquaMaps was originally 
developed by Kristin Kaschner and colleagues to predict global distributions of marine mammals [6]. The approach 
was subsequently modified in collaboration with FishBase staff to make it more suitable for a greater range of marine 
organisms. Models are constructed from estimates of the environmental tolerance of a given species with respect to 
depth, salinity, temperature, primary productivity, and its association with sea ice or coastal areas [7]. Fishing effort 
was normalized to the statistical square with maximum trawling hours for each year-scenario [8; and personal 
comments from Aníbal Aubone]. Weighted overlap calculations between fishing effort and fish occurrence were done 
using MapInfo 7.5 and Excel 2007 over all statistical squares with fish occurrence within Argentinean waters. Maps 
were plotted using MapInfo 7.5.  
3. Results 
Significant differences were obtained between weighted overlap calculations and non-weighted ones (Table 2). It can 
also be seen that weighted overlap increases towards 2007, indicating a major potential impact for the four species 
considered. When applying the MSC PSA availability risk scale (Table 1) these differences become into relevant 
potential risk differences (Table 2). For the rest of MSC PSA Susceptibility attributes the worst possible scenario, i.e.
high risk (3) for encounterability, selectivity and post-capture mortality, was considered for these two species. 
To calculate MSC PSA overall potential risk partial results on Salilota australis and Macruronus magellanicus from
the Argentine Hoki Fishery Assessment against MSC standard (to be published) were used.  
Potential overall risks obtained are shown in Table 3. MSC PSA overall potential risk is considered low when <2.64, 
medium when >2.64 and <3.18 and high when >3.18. In the MSC Certification Program a low potential risk is 
necessary to pass unconditionally and a medium potential risk to pass conditionally.  
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Overlap between the Argentine hake (Merluccius hubbsi) captures as a surrogate of fishing effort and the Salilota 
australis distribution based on Fishbase data can be seen in Figure 1. Overlap between the Argentine hake (Merluccius 
hubbsi) captures as a surrogate of fishing effort and the Squalus acanthias distribution based on Fishbase data can be 
seen in Figure 2.  
Figure 1: Overlap between the Argentine hake (Merluccius hubbsi) captures as a surrogate of fishing effort and the Salilota australis distribution 
based on Fishbase data (www.fishbase.org).   
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Figure 2: Overlap between the Argentine hake (Merluccius hubbsi) captures as a surrogate of fishing effort and the Squalus acanthias distribution 
based on Fishbase data.
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Table 2: Impact of Argentinean hake (Merluccius hubbsi) fishery on bycatch species. Potential risk associated to the overlap between the Argentina 
hake (Merluccius hubbsi) fishery fishing effort (data from the Argentina Under-Secretariat of Fisheries and Aquaculture) and the probability of 
occurrence for four species (data from Fishbase.org) using  the Marine Stewardship Council Risk Scale — Low (1), Medium (2) and High (3).  
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Genypterus blacodes 4.65% 1 40.03% 3 5.79% 1 42.08% 3 7.28% 1 41.70% 3
Macruronus magellanicus 4.66% 1 48.99% 3 5.47% 1 46.73% 3 10.13% 2 47.18% 3
Squalus acanthias 4.69% 1 46.63% 3 5.84% 1 42.63% 3 7.34% 1 42.24% 3
Salilota australis 4.17% 1 45.12% 3 4.34% 1 42.27% 3 5.22% 1 42.45% 3
Table 3: Overall Potential Risk of Argentine freezer trawl fishery. N.W.A.: Non weighted availability. W.A.: Weighted availability
Scenarios  1998 2005 2007 
Species
MSC PSA Overall Potential Risk using: 
N.W.A. W.A. N.W.A. W.A. N.W.A. W.A. 
Salilota australis 3.32 2.18 3.32 2.18 3.32 2.18 
Macruronus magellanicus 3.46 2.38 3.46 2.38 3.46 2.89 


4. Conclusions  
Our results show a clear tendency of risk overestimation in the calculation of the MSC PSA Availability attribute 
when using non weighted overlapping, for the scenarios studied. Although 2007 was a normal year in environmental 
terms, a significant increase of the Argentinean hake fishery fishing effort occurred, provoking a major potential 
impact on the by-catch species as shown in the increase of the weighted overlapping for this year, respect to 1998 and 
2005.     

5. Discussion 
The MSC PSA model provides a valuable estimation of potential risk of fisheries impact on bycatch species. When 
applied to industrial fisheries, precise calculations for attributes analysed are required to obtain a better approach, 
considering the magnitude of catch values and the larger extensions of fishing areas generally occurring in these cases.  
A more realistic study should involve data of occurrence of species provided by annual surveys as well as fishing 
effort calculations which consider vessels and gears variability within the operating fleet.  
There are fisheries which can provide well enough information to facilitate a more accurate PSA result although this 
information may be not sufficient to allow these fisheries to be assessed through population models applied to obtain 
biological accepted catch estimations.  
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